An X-ray partial diffuse intensity equation has been explicitly expressed as a function of ordering energies between different atomic species by referring to the description of the interatomic correlation function of de Fontaine [J. Phys. Chem. Solids (1973), 34, 1285-1304]. The expression suggests the appearance of a negative partial intensity. As an interesting example of its application, the calculation of the partial intensity for the disordered CuzNiZn ternary alloy by means of the derived equation in terms of the ordering energies obtained theoretically by de Rooy, van Royen, Bronsveld & de Hosson [Acta Metall. (1980), 28, 1339-1347 is shown to lead to a distribution of diffuse scattering very similar to that given by experimental observations [Hashimoto, Iwasaki, Ohshima, Harada, Sakata & Terauchi (1985).
Introduction
Recently, an interesting result for the three partial diffuse intensities from a short-range-ordered ternary alloy was obtained from a disordered Cu2NiZn alloy by anomalous scattering of synchrotron radiation [Hashimoto, Iwasaki, Ohshima, Harada, Sakata & Terauchi (1985) , hereafter referred to as paper I]. This kind of experimental result had been expected, and theoretical (or thermodynamical) studies previously proposed can now be applied to the real alloy case. Tahir-Kheli (1968; Tahir-Kheli & Taggart, 1969 ) described the interatomic correlation function in terms of pairwise ordering energies in ternary alloy systems, corresponding to the formula for binary alloys derived by Clapp & Moss (1966) . de Fontaine (1972 de Fontaine ( , 1973 pointed out the invalidity of Tahir-Kheli's work and proposed his own development on the basis of the free-energy expression in a form which is quadratic in the concentration variables, and the Landau theory of fluctuations.
We give a partial intensity expression (corresponding to the interatomic correlation function for a pair of different atomic species) following de Fontaine's development, in which only the function for a pair of atomic species of like kind was given explicitly. Then we show that in some instances this partial intensity may be negative. In addition, from the expression derived here, the formula given by Tahir-Kheli can be deduced as a result of a high-temperature approximation. We also make use of de Fontaine's theory to discuss the short-range-order (SRO) diffuse intensity. As an example of a practical application of the derived equation, we evaluate the partial intensities by making use of the ordering-energy values given (through a pseudopotential theory) by de Rooy, van Royen, Bronsveld & de Hosson (1980) and compare them with the experimental data for the Cu2NiZn alloy reported in paper I.
Expression of the partial SRO diffuse intensity

Derivation of the intensity equation
Here, we briefly show a derivation of the partial intensity equation according to de Fontaine's development [de Fontaine (1973) , hereafter referred to as paper II], since he did not give the expression explicitly. We start from equation (II-4.3),
where (Qi2) is the expectation value of Qij, the Fourier transform of the pair correlation function of atoms i and j, N is the number of atoms in the system and ~ 1 is an element of the inverse of the matrix {~} whose elements indicate the Fourier transform of the total configurational free-energy pair-interaction coefficients given in (II-3.18).
Our present purpose is to derive (Q~2) for a pair of different atomic species in a ternary alloy system. Then {~} becomes a 2 x 2 matrix and its elements ~i2 are given as
Here we use the notation W u for the ordering energy of the pair 0" instead of the O~2 of paper II and x~ for the fraction of the ith atom instead of ci. The determinant of {if} is calculated as det {~/}=1~/11~//22--~/12~21
The elements of the inverse matrix ¢i~ i are calculated as
¢'12 ~ = -¢12/det {¢}.
¢211 and ¢221 are equivalent to (3b) and (3a), respectively. Equation , which corresponds to the correlation function for a pair of like atoms, can be obtained by substituting (3a) into (1). In order to denote the three independent partial intensities (defined for pairs of different kinds of atomic species) in an A-B-C ternary alloy, we here adopt the notation ~U(q) (/j indicating BC, CA and AB atomic pairs) to correspond to -N(Qij)/(ciQ ) in paper II. This is a quantity defined by the Fourier transform of the Warren-Cowley SRO parameters generalized to the ternary-alloy case. The partial intensity is given by inserting (3b) into (1) and dividing the result by -xixj/N:
WAn= VAB--I(VAA + VBB ) etc.,
where fl = 1/(kT) and V u indicates the Fourier transform of the interatomic interaction Vu(lmn ) between atoms i andj (lmn represents the interatomic vector in direct space). V/j, Wgj, H and L are functions in q space.
Behaviour of the intensity equation
As mentioned by de Fontaine (1972 de Fontaine ( , 1973 , (4) can be used as a fluctuation formula only above the highest stability limits of the solid solution.
If we set the denominator as
six kinds of diagram are possible according to the signs and magnitudes of H and L in (8), as illustrated in Fig. 1 . In every case, D(q) becomes unity at very high temperature, i.e. for /7---0. As the temperature is lowered, D(q) approaches zero (being kept positive) most rapidly for a certain wave vector in q space, where the variation of D(q) with respect to/7 must be one of the three cases (a), (b) and (d) in Fig. 1 . In these cases, a positive real solution is possible for the equation D(q)= 0, giving the order-disorder transition temperature T~ for the superlattice structure corresponding to that wave vector, which is indicated by/7c in Fig. 1 . According to the signs and magnitudes of the ordering energies WBO WCA and WAB , four categories (I), (II), (III) and (IV) can be taken, as classified by Meijering (1950) . Then each category is further broken down into two cases with respect to the signs of H and L, as indicated in Table 1 . As mentioned by Meijering (1950) , L can be written as (Wnc + WCA--WAB)2--4WBcWcA or as one of the two equivalent expressions obtained by permuting A, B and C; and L is easily understood to be always positive when WBO Wca and WAn do not all have the same sign. In this case, therefore, (a) and (b) are naturally realized.
If WBO WCA and WAn have the same sign, the case of L < 0 is possible as well as L > 0. The locus of L = 0 was illustrated three-dimensionally in WBO WCA, WAn space by de Fontaine (1979) . Let us here draw the locus of L=0 two-dimensionally in WcA/WBo WAn/WBc space in Fig. 2 following Meijering (1950) ; it is represented by a parabola. Cases (a) We know that the partial diffuse intensity ~xAB(q) can take a negative value in principle (Hashimoto, 1987) . Thus, the (positive/negative) sign of the partial intensity must be determined by the numerator in (4) because the denominator must be positive, as seen above. At positive infinite temperature, the numerator is unity and therefore o~AB(q) is also unity, which is associated with the Laue monotonic scattering arising from the random distribution of A and B atoms on the 
crystal lattice in accordance with the general X-ray diffraction theory. As the temperature approaches T~, the magnitude of the second term in the numerator increases linearly with respect to ft. If the factor (WBc + WCA-WAn) is negative, then the numerator always takes a positive value and the partial intensity is positive at any temperature above T~. If that factor is positive and simultaneously a condition
is satisfied, aaB(q) can take a negative value (see Table 2 ). This proves that when the temperature satisfying (9) lies above T~ the SRO state with negative aAB(q) is possible. On the other hand, a formula by Tahir-Kheli (1968) [his equation (4-15)] has a positive constant as the numerator and therefore all the partial intensities must be positive at any temperature.
Tahir-Kheli's expression as a high-temperature approximation
We show here that Tahir-Kheli's (1968) expression for the partial intensity is derived from (4) as a hightemperature approximation. In the extreme case of small r, we can ignore the third term of the denominator in (4) as a small contribution and rewrite (4) as aAB(q) = 1--flxc(WBc + WCA-WAn)
where the second term on the right-hand side is from the numerator of (4), and the third term is from the second term of the denominator. This is further rewritten as aAn(q)~ [1 + flq)An(q)]-l, (lla)
(1 lb)
~o An, the sum of the second and third terms in (10), is much less than unity. Equation (10) is the formula of Tahir-Kheli (1968) [see his equation (4-15)], who used a positive constant D(AB) instead of unity in the numerator of (10) to make the integral of the partial intensity in the Brillouin zone unity. Equations (11) and Tahir-Kheli's (4-15) are in the same order of approximation. According to (11), all the partial intensities must be positive at any temperature, and (11) are therefore not applicable to the SRO state at relatively low temperatures above To.
Calculation and discussion
We turn here to a comparison of the theoretical result with the partial intensities experimentally obtained from a ternary alloy. The most interesting example can be taken in the Cu-Ni-Zn alloy system. It was reported ~n paper I that the partial intensities were deduced from X-ray diffraction intensity measurements by using the anomalous scattering of synchrotron radiation and one of the partial intensities has a negative peak in its intensity distribution. On the other hand, theoretical ordering energies for this alloy system were given for the three kinds of atomic pair in direct space by de Rooy etal. (1980) by using a pseudopotential theory. The values were plotted against the interatomic distance in a diagram. This figure shows negative ordering energies for the nearest-neighbour pairs of Ni-Zn and Zn-Cu which are expected to cause the so called 'short-range-ordertype' ordering in the local atomic arrangement. In contrast with them, it is remarkable that the ordering energy for the Cu-Ni pair varies in the opposite sense (with smaller magnitude). Values of these energies are scaled in electronvolts and can be substituted into (4) in order directly to achieve the partial diffuse intensity distributions in absolute units (or in Laue units). For calculation we adopt those ordering energy values up to the seventh-neighbour shell, as listed in Table 3 . These were extracted from the diagram of de Rooy etal. (1980) . The denominator in (4) varies with increasing fl at the 110 point in the reciprocal lattice (being the special point in this system) as shown in Fig.  3(a) . This corresponds to case (b) of Fig. 1 . It becomes zero at tic = 7.58 eV-1 (or T~ = 1530 K), which gives a measure of the order-disorder transition temperature. The temperature is, however, rather higher than the real one, i.e. 774 K. This discrepancy is thought to be due to an overestimation of the ordering energies (by de Rooy et al.) compared with the real ones. Further, we must bear in mind that the equation D(q) = 0 is not necessarily valid in principle for determining the order-disorder transition temperature T~. Rather than considering the value of T~, however, we are interested in the qualitative aspect of the sign and distribution of the partial diffuse intensity maximum. The signs are determined through the numerators. The numerators for Ni-Zn and Zn-Cu pairs vary linearly while remaining positive as fl increases up to tic, as shown in Fig. 3(b) . The partial intensities for these two kinds of atomic pair never take negative values at the 110 position. On the contrary, the numerator for the Cu-Ni pair decreases with decreasing temperature and changes sign at fit before getting to tic, that is, above the order-disorder transition temperature T~, or in the disordered state. In the present case, tic~fit (or TJT~)--1-36, indicating that the state with a negative partial intensity is kept stable up to a relatively high temperature above T~. The experimental data in paper I were obtained from a sample quenched from 870 K. This temperature corresponds to T/T~ = 1-12.
Evaluation of (1) by use of fl corresponding to this temperature ratio, indeed, led to a result of negative de Rooy et al. (1980) l m n WNi_Zn Wzn_cu WCu-Ni 1 1 0 --74"0 X 10 -3 --67"0 X 10 -3 6"5 X 10 -3 2 0 0 7"0 3"8 --1"6 2 1 1 --4"4 --2"8 0"4 2 2 0 1"7 2"8 0"7 3 1 0 1"0 --0"4 --0"5 2 2 2 --1"4 --1"6 --0"5 3 2 1 --0"6 0"3 0"0 partial intensity for the Cu-Ni pair, but the partial intensity distributions showed a much broader profile and lower peak height than those experimentally observed. This difference may be due to the fact that water quenching in the sample preparation could not perfectly freeze-in the high-temperature state. By selecting a higher value of fl, however, we could calculate the partial intensity distributions which gave a good fit to the experimental ones. The optimum selection of fl (flc/fl = 1"006) was used to produce Fig. 4 . We can see common features between these theoretically cal- (1) for each atomic pair. In particular, that for the Cu-Ni pair changes sign at temperatures above T~ indicated by fit-culated intensity maxima and the experimental ones reported in paper I at the 110 superlattice reflection position, e.g. in broadness, peak height and (positive/negative) sign. We have not discussed the diffuse intensity distributions around the 111 fundamental reflection position, because the intensity distribution experimentally obtained in paper I was not sufficiently reliable for consideration, owing to the experimental errors (as mentioned by the authors of paper I). (1) and the ordering energies of de Rooy et al. (1980) . The intensity values are scaled in Laue units.
We hope that many SRO intensity data will be obtained at temperatures above T~ in multicomponent alloy systems in future and that theoretical calculations of ordering energies will be reported.
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